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Abstract 


Introduction Violation of mutual positioning and fixation of parts worsens the operation of the equipment. Traditional 
approaches to solving the problem under consideration have been sufficiently studied: interchangeability of parts and the 
use of special equipment. Both methods involve a significant number of additional elements and assembly operations. 
Fixation is often provided by means of force fitting and welding. Disadvantages of these methods include assembly, 
residual and other stresses, engineering constraints, etc. To solve these problems, alloys with thermoelastic phase 
transformations are used, which provide shape memory effects (SME) to manifest themselves. This article describes, for 
the first time, self-positioning and self-fixation using the example of parts specially made from an alloy with SME. 

Materials and Methods. The pin element under pressing mandrels the blind hole of the cup and enters the seat. The alloy 
with SME was Ti-55.7wt%Ni. The temperature of the onset of its austenitic transformation was A; = 95°C + 5°C. The 
elemental composition was determined by a Shimadzu EDX-8000 X-ray fluorescence spectrometer, the phase 


composition — by a Shimadzu XRD-7000 diffractometer. The temperature was specified through differential scanning 
calorimetry. The range was 20—300°C, the heating rate was 5 deg/min. A Guide T120 thermal imager and a RangeVision 
DIY 3D scanner with structured illumination were used. After pressing the pin into the cup at different angles, the 
alignment and deviations between the axes of the cup and the pin were examined. Then, the cup was heated to 
110—-120°C, cooled, and control measurements were taken. 

Results. Values of the deflection angle after pressing were 0.2—11°. With a rigid structure and an installation angle of 0°, 
the pin deflected in the mounting hole by 0.2—0.5°. The axes shifted and did not intersect. The pin was not always 
completely pressed in. This indicated uneven deformation of the metal and different stress values around the hole. Such 
a unit would soon fail. The pin took the required position after heating the cup to 110—120°C (this temperature was higher 
than at the end of the reverse martensitic transformation). The angular deviation of the axes was noted to be 0.03-0.1°. 
The maximum misalignment (0.04 mm) corresponded to high positioning accuracy. Heating during the reverse 
martensitic transformation created internal stresses that returned the initial geometry of the cup. They also formed the 
forces that positioned and fixed the pin in the hole. That is, it is the parts that provide positioning and fixation (this is self- 
positioning and self-fixation). 

Discussion and Conclusion. For self-positioning and self-fixation of parts due to the shape memory effect, it is necessary 
to avoid sharp transition lines between the surfaces of parts during design, select rounded corners or fillets, and get a clean 
surface without burrs. Self-fixation and self-positioning reduce defects and inaccuracies during assembly. The use of 
certain alloys increases the profitability of equipment production. 
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AHHOTalna 

Beedenue. Hapyuienue B3aMMHOro MO3HIMOHMpOBaHHA HU PUKcaMN AeTael yxyquiaeT padoty oOopyzoBanua. Jlocta- 
TOUYHO H3YYeHbI TpayqHUMOHHBbIe MOAXOMbI K PeLWIeHHIO paccMaTpHBaeMOH TIpOOJIeMBI: B3AaHMO3aMeHACMOCTH JleTael 
MCIOJIb30BaHHe CHelHaIbHOH OCHAaCTKH. O6a MeTOa MIpeAMoMaraoT 3HaYMTeCIBHbIM OOBEM OMOIHUTEIIBHBIX IJIEMCH- 
TOB HM MOHT@KHBIX Ollepalui. Dukcal{MIo YacTO OOecMedHBAIOT C TOMOMI[bIO TOcaKH C HaTATOM UH cBapKH. HegoctaTKu 
39TUX METOJOB: MOHTAKHBbIC, OCTATOUHBIe U pyre HallpsKeHHA, TEXHHYeECKHe OrpaHvueHna U up. Jia pemienua yKa- 
3aHHBIX MpOOMeEM HCIONb3YIOT CIIaBbl C TEPMOYUPyrHMH (a30BbIMM TIpeBpalleHHAMH, KOTOPbIe MO3BOMAIOT TPOAB- 
JATBCA 9*(PeKTam Mamatu copper (QII®). B qanHo cTaTbe BiepBbIe OMMCaHbI CaMOTIO3HIMOHMpOBaHne HM CaModuKca- 
lua Ha IpuMepe JeTaei, ClewMasIbHO HV3FOTOBJICHHBIX 3 criaBa c OII@. 

Mamepuanoi u memoovi. Uccnenopanucb crakaHbl 43 criiaBa c DI1@ — Ti-55,7wt%Ni mp 3ampeccoske: LITbIpeBoli 
3IEMEHT JOPHYeT lyxoe OTBepcTHe H NoMaaeT B WOcayqouHoe MecTo. Temnepatypa Hayasia ayCTeHHTHOrO TipeBpalile- 
Hua — A,=95°C+5 °C. OnemMeHTHEIM cocTaB onpeyelaIH peHTTeHodsyopecieHTHbIM clieKTpoMetTpom Shimadzu 
EDX-8000, da3o0Bpii — qudpaxtometpom Shimadzu XRD-7000. Temnepatypy ompexesanu quddepenuHarbHon cKa- 
Hupyloulei KalopuMetpuen. J[uana30n 20-300 °C, ckopocts Harpepa — 5 °C/mun. 3ayeticTBOBasM TerIOBH30p Guide 
T120 u 3D-ckaHep co cTpykTypHpoBaHHbIM MoycBetoM RangeVision DIY. Ilocue 3anpeccoBKu ox pasHbIMH yriaMu 
IUTbIPA B CTaKaH MCCIeAOBAIM COOCHOCTh UM OTKJIOHCHHA MEY OCAMM CTaKaHa H WTbIpsA. 3aTeM CTaKaH HarpeBasIN oO 
110-120 °C, oxnaxyann M elas KOHTpOJIbHEIe 3aMepEl. 

Pe3yjemamol uccnedoeanua. 3Ha4eHUA yria OTKIIOHEHUA Tocsie 3armpeccoBKu — 0,2—11°. pu »xecTKOM KOHCTpyKuMu 
Wf yryie YCTaHOBKH 0° WITIPh OTKJIOHACTCA B MOCaQOUHOM OTBepcTHH Ha 0,2—0,5°. Oc cmMemjaroTca MW He HepeceKarorca. 
LU rpipb He BCerya MOJHOCTHIO 3alIpeCCOBbIBacTCA. ITO FOBOPHT O HepaBHOMepHOH AedopMallHu MeTaliIa H O pa3HbIX 10 
3Ha4eHHIO HallpsKeHHAX BOKpyT OTBepcTHA. Tako y3en ObicTpo BbliizeT u3 cTpox. LTEIpb 3aHuMaeT TpebyemMoe MoONI0- 
2%KeHHe Tocie HarpeBa cTakaHa oO 110-120 °C (aTa Temnepatypa BbILIe, 4eM B KOHI[e OOpaTHOoro MapTeHCHTHOrO Mpe- 
BpalweHua). OTMeTHIIM yroBOe OTKIOHEHHe Oceii — 0,03—0,1°. MakcuMasbHasa HecoocTHoctTs (0,04 mm) cooTBeTcTByeT 
BBICOKOM TOUHOCTH NO3HUMOHHpoBanHa. Harpesp mp oOpaTHOM MapTeHCHTHOM IIpeBpallleHHu co3jqaeT BHYTpeHHHe 
HallpsoKCHHA, BOSBpalalolHe MepBOHAauaJIbBHYy!O TEOMETPHIO CTaKaHa. OHM 2Ke POPMUPYIOCT YCUIMA, KOTOPble paciosa- 
TaroT H (PHKCHPYIOT WTbIPb B OTBEPCTHH. To ecTb MMCHHO AeTaIM OOeciHeuHBaIOT NOZSHUMOHUpOBaHHe UM (PUKcaLHIO (39TO 
CaMOMO3HUMOHHpoBaHHe UH CaModuKcalHa). 

O6cystcoenue u 3akuo4uenue. J[nA cCaMOMO3MIMOHMpOBaHHA HM CaMOUuKcalHH WeTael 3a cueT 9*pekta MaMsATH (POpMBI 
IIpH KOHCTpyHpoBaHHH CileyeT OTKa3aTbCA OT Pe3KHX JIMHUM MepexoOB MexKy MOBCPXHOCTAMH JleTaeH, BbIOUpaTb 
CKPYTJICHHBIe yIsibI WIM rare, JOOMBaTbCA YMCTOM MOBepXHOcTH 6e3 3aycenHues. CaMo*uKcallMA HW CaMOTMO3HIHOHH- 
poBaHHe coKpallaioT Opak HM HeTOUHOCTH mpu cOopKe. Ucnomb30BaHHe criaBoB c 3:pdpeKTOM MaMATH MO2KET MOBbILMATS 
PeHTaOeIbHOCTh MpOu3BOACTBA. 


Ksnouesbie copa: addexT namMaTu bopMbl, TepMoyripyroe cba30Boe MpeBpallenve, CaMOMo3HUMOHMpoBaHue jeTasu, 
caMO@UuKcallHA JeTaIH, B3AMMHOe MO3HI{MOHMpOBaHHe JeTasiei, BOCCTAaHOBIeHHe (PPOpMBI 3a CUT BOSBPaTHBIX HallpsKeHHH 


BuaarogapHoctu. Astop OnarogxapuT KaHaqMAaTa TexHHMyecKux HaykK, ouenta H.A. Moctaka u Hay4Horo coTpyqHHKa 
JladopaTopHu epcieKTHBHOrO MpoeKTHpoBaHHaA HedTera30Boro obopyyoBaHua KyOaHcKoro rocyyjapcTBeHHoro 
TexHOsOrM4eckoro yHuBepcuteta M.A. CamMapuua 3a NOMOLM|b B IWIaHHpOBaHHH VW TpoBeeHH 9KCIIepHMeHToB. ABTOp 
TakKe NPW3HATeeH peLaKUMOHHOM KOJWIErHU 2KypHasla U pelleH3eHTy 3a KOMIeTeEHTHYIO SKCMepTH3y HM peKoMeHalHu 
110 yJIYUWIeHHIO CTaTbH. 
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Introduction. Self-positioning should be understood as spatial orientation, installation and positioning of a part 
and elements mating with it in units and mechanisms. Self-fixation is the interface along the surfaces of structural 
elements with such geometric features that provide fixation of the mating parts and a given fixation force due to the 
shape memory effect. 

The accuracy of the mutual positioning of parts determines the correctness and reliability of the mechanisms. Valid 
positioning can reduce the inertia of the mechanical unit, it prevents the occurrence of system backlashes not provided by 
the design. Failure to comply with the requirements for the mutual positioning of parts can change the operation of the 
products, which is unacceptable in most cases [1]. 

The requirements for the accuracy of assembly of units are high in all industries, specifically, in machine-tool 
manufacture, aircraft, and shipbuilding. For correct, tight mating of parts, the method of group interchangeability is used. 
Custom tooling is often used when assembling units. As a rule, it is unique for this type of assembly operation. It provides 
positioning accuracy during installation and meets tolerance requirements [2]. 

In industrial practice (notably, in construction [3] and the oil and gas industry [4]), alloys with thermoelastic phase 
transformations, which provide for the shape memory effect (SME), are increasingly used. The uniqueness of such alloys 
is in the features of phase transformations, due to which shape memory effects are manifested, as well as superelasticity 
(pseudoelasticity) [5]. 

Shape memory in alloys with thermoelastic phase transformations is used, in particular, for power drives [6]. The effect 
is based on return stresses that restore the shape of the part. The phenomenon corresponds to the austenitic phase state of the 
elements of the power drive [7]. In the oil and gas industry, coupling joints of parts are used for pipe junction [8]. The method 
involves restoring the shape of elements that provide the envelopment and compression of mating parts [9]. Due to the shape 
memory effect during assembly, it is possible to provide such processes as spatial orientation, installation, and positioning. 
To do this, it is advisable to use two principles mentioned above at once: 

— embracing and squeezing the parts; 

— restoring the shape due to return stresses causing movement. 

This approach allows reducing the number of assembly stages and avoiding the use of dedicated equipment (tooling) 
when positioning and fixing a part made of an alloy with a thermoelastic phase transformation and for the elements of the 
unit mating with it. 

The proposed solution opens up the possibility of replacing such fixation methods as force fitting and welding. 
Consequently, it is possible to avoid the disadvantages of these methods: assembly, residual and other stresses. We also 
note the operating restrictions associated with the strength and reliability of the fixation. In addition, it is not always 
technically possible to perform force fitting and welding. 

It is necessary to point out another advantage of parts made of alloys with thermoelastic phase transformations. Their 
positioning and fixation in the assembly unit allows refusing group interchangeability of parts, from fitting parts and from 
additional use of control units and mechanisms in the design. This simplifies the installation and manufacture of parts 
with high positioning accuracy and reliable fixation of parts in the assembly unit. 

The presented research article, for the first time, proposes to use thermoelastic phase transformation for positioning 
and subsequent fixation of parts in an assembly unit. In this case, the shape memory effect of parts ensures their self- 
positioning and self-fixation. 

The author of this article observed the phenomenon under thermoelastic transformations, when it was required to 
provide fixation due to the shape memory effect of teeth. In this context, the following were considered: 

— drill bit roller cutter; 

— ball plug in the roller bit leg; 

— roller cutter on the bit leg in the design of a roller bit without a ball plug; 

— nipple and couplings of a tool joint [10]; 

— seats enclosed in the disc rotary valve; 

— disk on the stem of a disc rotary valve. 

The research is aimed at studying the possibilities of self-positioning (spatial orientation, installation, and positioning) 
and self-fixation during the manifestation of the shape memory effect of alloys with thermoelastic phase transformations. 
It is expected to find out what accuracy is provided in this case during the design and installation of assembly units, and 
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what conditions need to be maintained during assembly (design features, techniques, requirements for the implementation 
of self-positioning and self-fixation). 

Materials and Methods. For the experiments, two samples were made from an alloy with a thermoelastic phase 
transformation. In shape, these were cups with a special blind hole and a pin element made of heat-treated (hardened) 
40X steel. The cup had an opening — two conical steps with a right (lead-in) and inverted (fixing) cone. Transitions — 
by radius and by the line of intersection of cones. The pin element had a mandrel shape, so when pressed into the cup, a 
blind hole was mandrelized, and the pin element got into the seat in the cup. All surfaces were clean, without corners and 
burrs. This provided: 

— free sliding of the pressed-in pin element; 

— spatial orientation and installation in the seat under the pin element in the cup; 

— positioning of the pin element in the seat. 

Figure | shows the stages of pressing a pin element into a cup made of an alloy with SME. 


Fig. 1. Installation of pin element into seat of cup made of alloy with SME: 
a — 3D model of elements assembling after installing pin element 2 into cup 1; 


b — assembly drawing; c, d — installation of pin element 2 and cup | in hand press 3 before pressing the pin element into cup; 
e — angle between axes of symmetry o after pressing pin element 2 into cup | before heating (room temperature — martensitic 
phase of alloy); f— pin element and cup at room temperature after heating to 110°C 
(angle between axes of symmetry 0°, austenitic phase of the alloy) 
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Titanium nickelide Ti-55.7wt%Ni was selected as the alloy with SME. The temperature of the onset of its austenitic 
transformation was A; = 95°C + 5°C. Three properties listed below were determined. 


1. Elemental composition. For this purpose, X-ray fluorescence analysis was performed using a Shimadzu EDX-8000 
device (Japan). 

2. Phase composition. X-ray phase analysis was performed using a Shimadzu XRD-7000 X-ray diffractometer (Japan). 
Parameters: Cu Ka — 1.54 A°, 40 kV, 30 mA, angle range 20-90 degrees, shooting speed 1 deg/min. 

3. Temperature. It was determined by differential scanning calorimetry. The range of work was 20-300°C. Heating 
rate — 5 deg/min. 

This alloy allows for demonstration of the general principles of self-fixation and self-positioning of a pin element in 
the seat of the cup during the phase transition from martensite to austenite. At room temperature, the alloy is in the 
martensite phase. 

A Nordberg manual press was used for pressing. The cup made of an alloy with SME was heated with a GHG 23-66 Bosch 
technical hot air gun. Temperature control provided uneven heating of the cup and maximum imitation of the assembling process 
at enterprises. Specifically, the worst installation conditions and operation with violations of the process were recreated. 

The temperature and hot zones, as well as heating over the entire surface to the specified temperature, were monitored 
using a Guide T120 thermal imager. The positioning accuracy was determined by a stationary 3D scanner with structured 
illumination RangeVision DIY. Daheng cameras provided a measurement accuracy of 0.02 mm. 

The sequence of operations for installing the pin element into the cup is described below. 

1. The pin element is pressed into the blind hole of the cup. As a result, the hole is mandrelized. It deepens until the 
pin element enters the seating surface of the hole. The process takes place at room temperature, corresponding to the 
martensitic phase state of Ti-55.7wt%Ni alloy with shape memory effect. 

2. The relative position of the parts is measured. 

3. The cup is controllingly heated until the temperature is higher than it was at the end of the austenitic transformation. 
At this temperature, the initial (before deformation) shape of the cup is restored, and the force from the resulting return 
stresses is sufficient to shift and orient the pin element inside the blind hole of the cup. After this, the cup is cooled to 
room temperature. 

4. A control measurement of the relative position of the parts is performed. 

The pin element was pressed into the cup at different angles between the axes of symmetry of the cup and the pin 
element. The angle sizes were from 0 to 12 degrees. The step was 3 degrees. The alignment and the angle of deviation 
between the axes were determined. Then the cup was heated to 110—120°C and cooled in various ways — from free 
cooling in air to forced cooling (by lowering into water). Then, a control measurement of the alignment and the angle of 
deviation between the axes was made. 

Research Results. After pressing, the angle of deviation between the axes of the cup and the pin element had values 
in the range from 0.2° to 11° (angle o in Fig. 2 a). This indicates that with the rigidity of the structure and the installation 
angle of 0°, some displacement of the pin element in the mounting hole still occurs (from 0.2° to 0.5°). 
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¢) d) 


Fig. 2. Deviations arising during installation of pin element in cup mounting hole: 
a — angle between the axes of symmetry; b — displacement as a result of underpressing; 
c, d— displacement of the axes of symmetry in the section plane perpendicular 
to the axes of symmetry of the pin element and the cup 


The axes were offset and did not have an intersection point, as shown in Figure 2 c and 2 d. If we take the axis of 
the cup (reference point) as the center, the offset of the axis of the pin element will be p = 0.2—0.8 mm (Fig. 2 d), 1.e., 
the pin element in the cup will have an offset mounting position. In a number of cases, the pin element was not 
completely pressed into the cup (Fig. 2 6). Firstly, this caused uneven deformation of the metal around the hole. 
Secondly, it indicated that as a result of pressing, different stress values arose along the circumference of the hole. 
Such a unit will quickly fail when used. 

The pin element occupies the required position in the cup hole and relative to the hole seat after heating the cup to 
110—120°C, i.e., at a temperature higher than at the end of the reverse martensitic transformation. 

The positioning accuracy of the pin element in the cup was studied using a stationary 3D scanner with structured 
illumination RangeVision DIY and Daheng cameras. The angular deviation of the axes was recorded in the range 
of 0.03—0.1°. The maximum value of the misalignment was 0.04 mm, which corresponded to high positioning accuracy 
for assembly units. 

It should be noted that there is a similarity between the two mechanisms that provide: 

— occupation of the structurally required position of the pin element in the cup hole; 

— action of the working element made of an alloy with SME of the power engine. 

The specified shape of the part made of an alloy with shape memory effect of the cup in the austenitic state corresponds 
to the shape in which the pin element exactly occupies the position required by the design of the unit. At a temperature 
corresponding to the martensitic phase state, the mechanical characteristics of the alloy are lower than at a temperature 
corresponding to austenite. In this case, it is possible to specify a shape into which the pin element can be easily mounted. 
With such installation, the positioning of the pin element does not correspond to the required. 

Subsequent heating of the glass as a result of the reverse martensitic transformation creates internal stresses that allow 
the original shape to be restored. They can be conventionally called return stresses. In this case: 

— the cup takes on a shape that corresponds to the operational geometric characteristics; 

— the forces arising as a result of the action of return stresses are sufficient to move, orient, install and position the pin 
element in the seat of the cup (it is located and fixed in the hole). 

Evidently, it is the parts that provide self-positioning and self-fixation. No special equipment or special assembly 
techniques are needed. 

There is a process similar to the one described above. To operate the satellite antenna deployment mechanism, the 
power drive uses the force developed by the return stresses during the reverse martensitic transformation of the working 
element made of an alloy with SME. 
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Discussion and Conclusion. The displacement of the pin element inside the cup mounting hole is provided by 
design features that can be applied to all mating parts under self-positioning and self-fixation due to the shape memory 
effect of alloys with thermoelastic phase transformations. Techniques that allow maintaining the required design 
features are listed below: 

— rejection of sharp transition lines between surfaces of parts in favor of smoother ones; 

— selection of rounded or variable radius chamfers and external corners; 

— replacement of internal corners with fillets or curves with variable radius; 

— high-quality surface cleaning, elimination of burrs. 

These requirements should be taken into account when designing. This will provide the desired mutual 
displacements of parts with significantly less force. In this case, the force is compared to that given by the return 
stresses during the reverse martensitic transformation of the alloy with thermoelastic phase transformations (the cup is 
made of such material). 

Self-fixation and self-positioning can maintain assembly accuracy, eliminate mounting and engineering inaccuracies 
during installation work, and reduce defects. The use of some alloys has economic substance, i.e., it works for the 
profitability of the final product [11]. These and other advantages of the approach described in the article can be 
implemented in machine tool manufacturing. The method seems useful for developing oil and gas, precision and other 
equipment with high requirements for the geometric accuracy of parts. 
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O06 aemope: 

IpTHoap FOcud Orsi banaes, crapwiuit Hay4Hblii COTPyAHUK Kadeypbl He*rera3oBoro Jjewa HMeHH Ipodeccopa 
I.T. Baprymana KyOanckoro rocyfapcTBeHHoro TexHosorMyueckoro yHuBepcuteta (350072, Poccniickaa Denepauna, 
r. Kpacnogap, ym. Mockoscxaa, 2), WHoKeHep 10 H300peTaTebCKOH MU MaTeHTHOM JeaTembHocTU OOO «II pomMpniteHHo- 
MHKeHepHad KOMIaHHA» (350080, Poccuiickan Dexepauua, r. Kpacnogap, yn. Ypanpexaa, 144), SPIN-Kon, ORCID, 
ScopusID, balaev1122@mail.ru 


Kongauxm unmepecoe: aprop 3a1B10eT 06 OTCYTCTBHH KOH@IMKTAa HHTepecos. 
Aemop npowuman u odobpun oKonYamenbnublit gapuanm pykonucu. 
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